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The purpose of the experiments described in this article was four- 
fold: first,  to  study the  extent to  which the  functional differences 
that distinguish the various races of fibroblasts may be determined 
by the particular part of the organism from which they are derived; 
second, to study the extent to which these differences may be deter- 
mined by the age of the individual from which they are obtained; third, 
to ascertain whether or not the differences are permanent; and fourth, 
to discover, if possible,  the factors that are responsible  for them. 
Functional Differences Determined by  the Origin of the Explant 
Five series of strains have been studied, each series  comprising eight to twenty 
races of fibroblasts  that  were isolated simultaneously from different  parts  of a 
single chick embryo and cultivated for as long as 10 successive weeks (ten passages) 
in a  medium consisting of chick plasma and chick embryonic tissue juice diluted 
with Tyrode solution.  Of the five series,  four were derived from 16 day chick 
embryos and one from a  17 day embryo.  The strains  were obtained from the 
following  tissues  and  organs: bone,  cartilage,  liver,  lung,  mesonephros,  meta- 
nephros, ovary, pancreas, salivary gland, spleen,  testis,  thyroid, musculature of 
the  heart,  breast,  esophagus,  crop,  proventriculus,  gizzard  and  small  intestine, 
skeletal musculature of the lower limb, and wall of the aorta.  From the moment 
of their isolation, the various strains comprising each series were cultivated under 
conditions as nearly identical as it was possible to make them.  The techniques 
employed were the usual ones involving the flask procedures.  After a few passages, 
the cell population was rendered uniform by selection of only the marginal areas 
of outgrowth at the time of transfer. 
Aside from making a  comparative study of the rate of growth of the various 
cell races, and of their ability to digest the fibrin of the coagulum, tests were carried 
out from time to time to determine  the relative  changes that  took place in the 
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acidity of the medium in which they were cultivated.  For this purpose, a dilute 
solution of phenol red (0.005 per cent) was added to the medium, after which the 
hydrogen ion concentration was adjusted to 7.6 by introducing into the flask a 
gas mixture comprised of 3 per cent COs, 21 per cent 02,  and 76 per cent N  (at 
atmospheric pressure).  The changes produced in the various cultures were then 
read at 24 or 48 hour intervals by comparing them with a standard series of flasks 
of known pH values. 
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TExT-FIG. 1.  Diagram representing the rate of multiplication of fourteen strains 
of fibroblasts isolated from the liver (Lv.), mesonephros (Ms.), ovary (0.),  aorta 
(A.),  heart (H.), metanephros (M!.), lung (Lg.), bone (B.),  spleen  (S.),  stomach 
musculature (St.  m.),  cartilage (C.),  thyroid (T.),  breast musculature (Br. m.), 
and skeletal musculature (Sk. m.), of a  16 day chick embryo, and cultivated in a 
mixture of plasma and embryonic tissue juice; from planimetric measurements of 
the areas attained by the colonies on the 6th day of the seventh passage. 
Other experiments were designed  to test the ability of the various strains to 
survive and grow in  a  medium of relatively high  acidity.  Here,  the  cultures 
were subjected to a  gas mixture composed of 20 per cent  CO~, 21 per cent 02, 
and 59 per cent N, this combination having been found to produce a pH of 6.5. 
The results of the experiments showed that the various races, accord- 
ing to their origin, differed from one another in their rate of multiplica- 
tion in a given medium, in the relative changes that took place in the RAYMOND  C.  PARKER  403 
acidity of that medium, in the relative degree of acidity they were able 
to  withstand,  and  also  in  their  ability  to  digest  the  fibrin  of  the 
coagulum. 
The rate of multiplication of fourteen strains comprising one par- 
ticular  series is represented diagrammatically in  Text-fig.  1.  These 
strains were isolated from aorta, bone, breast musculature, cartilage, 
heart, liver, lung, mesonephros, metanephros, ovary, skeletal muscula- 
ture, spleen, stomach musculature, and thyroid of a  16 day embryo, 
and were cultivated for 72 days (eleven passages) under the same envi- 
ronmental conditions.  The major differences in the rate of prolifera- 
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TExT-FIG. 2.  (a) Diagram representing the rate of multiplication of strains 
of fibroblasts isolated from the mesonephros (Ms.) and metanephros (Mr.) of a 
16 day chick embryo, and cultivated in plasma and embryonic tissue juice; from 
planimetric measurements of the areas attained by the colonies on the 8th day 
of the fifth passage. 
(b) Another experiment  made on similar strains from an embryo of the same age. 
tion manifested by the various  strains  on  a  common medium were 
maintained  from  passage  to  passage  indefinitely.  As  can  be  seen 
from Text-fig. 1, fibroblasts derived from thel iver displayed the lowest 
growth energy of any of the series, whereas those from skeletal muscle 
showed the highest.  The strains that possessed a high growth energy, 
for  example  fibroblasts  from  skeletal  muscle,  breast  muscle,  etc., 
liberated a relatively large amount of acid into the medium and were 
able to withstand a  medium of high acidity.  These properties were 
not necessarily accompanied, however, by a  marked ability to digest 
fibrin.  Thus,  while  fibroblasts  derived from  the  lung  and  spleen, 404  RACES  CONSTITUTING  COMMON  FIBROBLASTS.  III 
and from the various regions of the digestive tract, multiplied, as a 
general rule,  at  a  slower rate  and produced less  acid,  they rapidly 
digested the fibrin of the coagulum.  This was also true of fibroblasts 
from the thyroid, although in  this case the colonies grew in  an ex- 
tremely thin  layer,  much thinner than  has  ever been  observed for 
other races of fibroblasts. 
Of particular interest, however, were the strains derived from the 
mesonephros and metanephros,  respectively.  It will be noted that 
the cells from the metanephros multiplied more rapidly than  those 
from  the  mesonephros  (Text-figs.  1  and  2a).  Some  years  ago, 
Schmalhausen  ~ weighed and measured a great number of the compo- 
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TExT-FIG. 3.  Changes in the relative size of the mesonephros (Ms.) and meta- 
nephros (Mr.) during the embryonic life of the chick, expressed as percentages 
of the total weight of the body (constructed from Table 6, SchnmlhausenX). 
nent  structures of developing chick embryos.  For presentation  at 
this time, a graph has been constructed from a table in which he showed 
the relative increase in weight of various embryonic organs throughout 
the incubation period (Text-fig. 3).  On the 16th day, when the above 
mentioned strains were isolated, it will be seen from Schmalhausen's 
data that the metanephros, or permanent kidney, is undergoing rapid 
development.  On that same day, the mesonephros, a more primitive 
structure, is disappearing.  From the standpoint of the present inves- 
tigation, it was most significant, therefore, that the cells derived from 
, Schmalhausen,  J., Arch. Entwcklngsraechn. Organ., 1927, 110, 33. RAYMOND  C. PARKER  405 
the  developing  metanephros  proliferated  more  actively  than  those 
from  the  degenerating  mesonephros.  This  experiment  was  later 
repeated  with  strains  isolated  from  corresponding  parts  of  another 
embryo of the  same age and  species.  The  results were  comparable 
with those already obtained  (Text-fig.  2 b). 
Functional Differences Determined by the Age of the Donor 
Two groups of experiments were made in order to study the extent to which 
the functional properties of fibroblasts are determined by the age of the embryo 
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TEXT-FIG. 4.  Diagram representing the rate of multiplication of eleven strains 
of fibroblasts isolated simultaneously from the M. tibialis anterior of chick embryos 
of eleven different  ages,  and cultivated in plasma and embryonic tissue juice; 
from planimetric measurements of the areas attained by the colonies on the 6th 
day of the fifth passage. 
from which  they  are derived.  The first group  included  five series,  each  series 
consisting  of five to twelve strains isolated from the apex of the ventricle of em- 
bryos ranging from 6 to 20  days in age.  The second  group also included  five 
series of five to twelve strains each, these having been isolated from the k£. tibialis 
anterior of embryos of different ages.  Comparative studies  were made of the 
relative abilities of the various strains of each series to multiply in a medium con- 
sisting of plasma and embryonic tissue juice diluted with Tyrode solution.  This 406  RACES  CONSTITUTING  COMMON FIBROBLASTS.  III 
was done by recording their rate of proliferation for each subsequent passage 
over a  period of weeks.  As before, the strains comprising each experimental 
series were isolated at one time and were treated alike throughout the entire 
period of their cultivation. 
The rate of multiplication of the fibroblasts differed according to 
the  age of the  embryo from which they were isolated.  There was 
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TExT-FIG. 5.  Diagrams representing the rate of multiplication of strains of 
fibroblasts isolated simultaneously  from the heart and skeletal musculature of 7 
and 19 day chick embryos, and cultivated in plasma and embryonic tissue juice; 
from planimetric measurements of the areas attained by the colonies on the 7th 
day of the fifth and seventh passages, respectively. 
never, in all the series that were studied, a gradual increase or decrease 
in the rate of proliferation of strains isolated from corresponding parts 
of embryos of increasing ages (Text-fig. 4).  It was frequently found, 
for example, that muscle fibroblasts from embryos around 13 days of 
age multiplied more slowly than those from either older or younger 
embryos.  Also, there were often decided peaks in the proliferative RAYMOND  C. PARKER  407 
rate of strains that were isolated on or about the 10th and 17th days 
of embryonic life. 
The series of strains from the developing heart behaved quite dif- 
ferently from those obtained from muscle.  To illustrate this,  refer- 
ence is made to an experiment including cell races that were derived 
simultaneously from both the heart and skeletal muscle of 7 and 19 
day embryos, respectively, and cultivated under the same environ- 
mental conditions from the moment of isolation  (Text-fig.  5).  Al- 
though the heart fibroblasts obtained from the younger embryo proved 
to be more active than those derived from the older, the effect of age 
was quite the reverse in the case of fibroblasts from the skeletal muscu- 
lature. 
It was also observed that, whereas the major differences found to 
exist between the various strains belonging to a given series were main- 
tained from passage to passage indefinitely, it could not be predicted 
from one particular  series how the strains of a  second series would 
behave, even when the tissues were isolated from corresponding parts 
of embryos of the same age and species.  As a matter of fact, it was 
never safe to assume that two cell strains would react identically to 
the  same  conditions,  even when they were isolated  simultaneously 
from closely adjacent parts of the same tissue or organ and cultivated 
together on the same medium.  Furthermore, the two halves ~f a single 
culture could not be relied upon to display the same properties until 
the strain it represented had become homogeneous and composed solely 
of fibroblasts.  In order to attain this condition, it was necessary to 
pass the cultures through several passages and to discard all but the 
outer margin of outgrowth. 
The Ability of the Various Races to Retain Their Functional 
Characteristics Indefinitely 
It has already been intimated that the functional differences dis- 
tinguishing the various races of fibroblasts are permanent, that they 
persist indefinitely in vitro.  Even after months of cultivation, strains 
that were isolated from different parts of the same embryo continued 
to manifest those properties that had characterized them in the begin- 
ning.  Cell strains endowed with a high capacity for multiplication on 
a  given medium continued to manifest that property.  Strains pos- 408  RACES  CONSTITUTING  COMMON ]~IBROBLASTS.  III 
sessing an unusual ability to digest fibrin continued to do so for passage 
after passage.  This was equall:¢  true of differences dependent upon 
the age of the individual. 
In an attempt to change the character of certain races by altering 
the nature of their environment, two groups of experiments have been 
made.  The first group was designed to test the permanence of differ- 
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TzxT-Fm. 6.  Diagrams  representing  the rate  of multiplication of strains of 
fibroblasts isolated simultaneously  from heart and bone of a 13 day chick embryo, 
and afforded identical treatment from the beginning  until the 97th day. 
(a)  The behavior of the strains for the final passage of this period of identical 
treatment  (o). 
(b)  The rate of multiplication of the same strains for the last of four successive 
passages during which time the fibroblasts from heart were subjected to more than 
the usual amount of embryonic tissue juice (+), and the fibroblasts from bone to 
less than the usual amount (-). 
(c)  The rate of multiplication of the strains after the previous treatment had 
been discontinued,  and both strains had again been cultivated in the same medium 
(o) for three successive passages. 
ences  determined  by  the  particular  organ  or  tissue  supplying  the 
strains (Text-fig. 6); the second, to test the permanence of differences 
determined  by  the  age  of  the  embryo from which  the  strains  were 
derived (Text-fig. 7). 
The material used in connection  with the first group of experiments consisted 
of two races of fibroblasts from a 13 day chick embryo, one race having been iso- 
lated from the ventride of the heart,  the other from the periosteum of bone. RAYMOND  C. PARKER  409 
Both swains were treated alike for 97 days  (seventeen passages),  during which 
time  they were  cultivated  in  a  medium  consisting  of chick plasma  and  chick 
embryonic tissue juice diluted with Tyrode solution (Text-fig. 6 a).  At the nine- 
teenth passage, the two strains were transferred to media of different composition, 
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Diagrams representing the rate of multiplication of strains of 
fibroblasts isolated simultaneously from the M. tibialis  anterior of 10 and 21 day 
chick embryos,  and  subjected  to  identical  treatment  from the beginning  until 
the 38th day. 
(a)  The behavior of the strains for the final passage of this period of identical 
treatment  (o). 
(b)  The rate of multiplication of the same strains for a  7 day period,  during 
which time the fibroblasts from the 10 day embryo were treated with more than 
the usual amount of embryonic tissue juice (+), whereas those from the 21 day 
embryo received less than usual (-). 
(c)  The rate of multiplication of the strains after the previous treatment had 
been discontinued, and both strains had again been cultivated on the same medium 
(o) for two passages. 
(d)  The rate of multiplieation  of the strains  after  they had been  cultivated 
on the same medium (o) for an additional period of six passages. 
the heart fibroblasts being cultivated in a medium containing much more than the 
usual  amount  of embryonic tissue  juice,  while  the  fibroblasts  from bone were 
placed in a medium in which the quantity of tissue juice was greatly diminished. 410  RACES CONSTITUTING COMMON ~'IBROBLASTS.  III 
This treatment was continued for 26 days,  through four passages  (Text-fig. 6 b). 
At the end of that time,  when the overfed heart fibroblasts  were dividing  at a 
much higher rate than the starved bone fibroblasts,  the two strains were again 
placed under  the  same  environmental  conditions.  Almost  immediately,  they 
reverted to their original rate of multiplication,  and after three passages on a  com- 
mon medium they both displayed the same characteristics  that had distinguished 
them in the beginning  (Text-fig. 6 c). 
The second group of experiments was carried out in much the same manner. 
Two races of fibroblasts were isolated simultaneously from skeletal muscle removed 
from the lower limbs of l0 and 21 day chick embryos.  When cultivated under 
the same environmental conditions, the cell strain derived from the 21 day embryo 
showed a rate of multiplication that was consistently higher than that manifested 
by the strain from the younger embryo (Text-fig. 7 a)  At the ninth passage, the 
l0 day strain was treated with more than the usual amount of embryonic tissue 
juice, the 21 day strain with less (Text-fig. 7 b).  The result of this was similar to 
that obtained with the races  from heart and bone.  The rate of multiplication 
of the strain from the 10 day embryo, which had originally been much lower than 
that of the strain from the older embryo, now became the greater of the two. 
After this treatment had been discontinued,  the two races were again placed in 
media  of like  composition.  The original  characteristics  reappeared  (Text-fig. 
7 c), and continued to persist until the termination of the experiment, at which 
time the two types of fibroblasts  had been cultivated in vitro for a  total period 
of 109 days (Text-fig.  7 d). 
DISCUSSION 
The experiments have shown that  the ability of the common con- 
nective tissue cells, or fibroblasts, to multiply in a given environment 
depends not only upon the nutritional quality of the latter, but also 
upon  the  inherent  capacities  of  the  cells  themselves.  Fibroblasts, 
as  a  group,  comprise many cell races.  Each  race manifests  certain 
specific functional properties when cultivated in vitro.  These proper- 
ties differ according to the  age  of the individual  and  also according 
to  the  particular  organ  or  tissue  from which  the  strain  is  derived. 
They are displayed in the relative abilities of the various races to live 
and reproduce in a  given environment, to produce marked changes in 
the acidity of that environment, and to digest fibrin. 
It  has  generally been  assumed  that  the  rate  of multiplication  of 
fibroblasts cultivated in ~tro decreased in simple inverse ratio to the 
age of the individual from which they were isolated.  While this may 
be  true  of  fibroblasts  isolated  during  postnatal  development,  the 
present  experiments have shown  that it does not hold for cell races I~A.X'3~OND  C.  PARKER  411 
obtained, from certain organs at least, during the embryonic period. 
Thus, for example, cell strains derived from a 21 day embryo may show, 
under the  same  environmental conditions, a  rate  of multiplication 
that is either higher or lower than that exhibited by strains isolated 
from corresponding parts of a  10 day embryo, depending upon their 
place of origin.  As already indicated, it was impossible to demon- 
strate a  gradual decrease, or even a  gradual increase, in the rate of 
multiplication of  fibroblasts  obtained  from  corresponding parts  of 
embryos of increasing ages. 
In the beginning, the marked irregularities that were observed to 
occur in the relative growth rates of strains derived from embryos of 
gradually increasing ages  could not be  accounted for.  At  first,  it 
was felt that they might have resulted from gross errors in technique. 
As the experiments progressed, however, it became evident that the 
major differences that were observed between the various strains of 
each  series  were  maintained from  passage  to  passage  indefinitely. 
Not only were these differences real, they were also permanent.  In 
this respect, they were comparable with those differences that had been 
found to exist between strains isolated from different parts of the same 
embryo. 
Although it was now clear that the major irregularities observed 
in the various series did not result from the kind of treatment they 
received, it still seemed possible that, if the tissues were not derived 
from corresponding locations, small differences in origin might be suffi- 
cient  to  produce  them.  Accordingly,  the  original  explants  were 
selected with even greater precision in order to obtain the fragments 
from exactly the same location in each embryo.  Despite this pre- 
caution, however, the irregularities continued to appear in each series 
that was studied.  A strain of fibroblasts derived from a 10 day embryo 
showed a rate of multiplication that was greater than that of all other 
strains belonging to the same series, regardless of whether they were 
isolated from younger or older embryos.  It became apparent, there- 
fore, that these properties of the various strains were in some way 
related to conditions existing in the tissues of the organism prior to 
their isolation. 
As already mentioned, Schmalhausen  ~  weighed and measured a great 
number of the component structures of developing embryos in an at- 412  RACES  CONSTITUTING  COMMON  ~FIBROBLASTS.  III 
tempt to gain precise information as to some of the time relations of de- 
velopment.  He calculated the percentage growth rates and also  the 
relation  between  the weights of the organs, expressed as percentages 
of the total weight of the body.  The growth rate of each organ was 
found to depend upon its own age rather than the age of the entire 
organism.  Also, while the majority of the organs studied made their 
appearance in the embryo at different times, their percentage growth 
rates  showed definite changes throughout the  course of embryonic 
development.  Almost every organ showed, at some time during its 
development, a  marked peak in  its percentage growth rate,  which 
peak was immediately followed by a gradual decline.  Each of these 
changes resulted from a short period of rapid increase in the percentage 
growth rate of the organ, followed by a like period of decrease.  The 
amount of this rise and the time of its occurrence differed in different 
cases, and was thus a characteristic of the organ itself.  Even during 
the descent, however, the growth rate showed a similar series of abrupt 
changes,  each expressing periods of increase followed by periods of 
decrease, and each being less pronounced than the one before.  As a 
rule, all of these changes were synchronous for the various organs. 
The  findings of Schmalhausen,  1 together with  the  results of  the 
present experiments, suggest that the rate of proliferation shown by 
the  component cells  of  the  various  organs  upon isolation  depends 
solely upon whether the part removed from the organ in question was, 
at the moment  just prior to isolation, going through a period of increase 
or one of decrease.  If this is so, it would also depend upon whether 
the rate of increase, or decrease, at the moment was rapid or gradual. 
In other words, the results indicate that the physiological condition 
of the organized structures is  reflected in  the functional properties 
of their component elements.  This contention has been amply sus- 
tained by the observations reported in connection with the cell strains 
obtained from the mesonephros and metanephros at the time when the 
latter was giving place to the former.  Under the same environmental 
conditions, the fibroblasts derived from the developing metanephros 
multiplied at  a  faster  rate  than those from the degenerating meso- 
nephros. 
Some years  ago, Cohn and Murray,  2 who were among the first to 
2 Cohn, A. E., and Murray, H. A., Jr., J. Exp. Med., 1925, 42~ 275. RAYMOND  C.  PARKER  413 
apply the in vitro techniques to the study of physiological ontogeny in 
the chick, measured the latent period and the growth index of frag- 
ments of heart that were isolated from 4 to 18 day old embryos and 
placed for incubation in coagulated chick plasma.  The latent period, 
which was defined as the time that intervened between the incubation 
of  a  culture and  the first  appearance of cells  protruding from the 
peripheral margin, was found to increase with age.  The growth index 
was estimated from the area of the original fragment and the area 
of  outgrowth after  24  and  48  hours.  Unlike the latent period, it 
showed a  marked decrease with  age.  The conclusion was reached 
that differences due to age signified a habit of slow growth imposed 
upon the cells by definite changes in the organized environment of 
the embryo.  After 36 hours or so, this habit was lost and the tissues 
grew at a  rate determined solely by their environment. 
In  so  far  as the latent period was concerned, Cohn and Murray  2 
went no further than to show that it was related in some way to the 
age of the tissue.  Even today, nothing more can be said.  At any 
rate, there is no legitimate reason for assuming that there is a direct 
correlation between the latent period of outward cell migration and 
the specific properties of the cells directly concerned.  Marked changes 
are known to take place in the organs of the individual during develop- 
ment.  It usually happens, for example, that there is  a  gradual in- 
crease in the density of the connective tissue proper and in the amount 
of intercellular substance it contains.  This being true,  the cells of 
older organs would, of necessity, require a longer time to invade the 
medium than those of younger structures that are less densely popu- 
lated and of looser texture. 
The techniques in use at the time of the earlier experiments were 
extremely  primitive.  Furthermore, it was not unusual to limit obser- 
vations of a functional nature to the behavior of tissues freshly extir- 
pated  from  the  organism,  thereby  eliminating  the  possibility  of 
obtaining pure strains.  In the case of Cohn and Murray's  ~  work, this 
procedure was considered adequate at the time, inasmuch as it was 
assumed by them that they were dealing mainly with fibroblasts,  and 
that all fibroblasts in the body were alike.  It had not yet been fully 
realized that a fragment of tissue freshly explanted from the organism 
contains a great variety of cell types, and that marked differences  may 414  PACES  CONSTITUTING  COMMON  FIBROBLASTS.  III 
sometimes exist between fragments coming from different parts, even 
when these parts are closely adjacent. 
Aside from the information that has been obtained concerning the 
different races that  constitute the group of common fibroblasts,  the 
present experiments have indicated, therefore, the necessity of exer- 
cising the greatest possible care in selecting material for comparative 
physiological studies on cells in vitro.  They show that pure strains 
and controlled environmental conditions are fundamental prerequisites 
for each and every attempt that is made to investigate the functional 
properties of cells, and how these cells may affect, or be affected by, 
the medium in which they are cultivated. 
SUMMARY  AND  CONCLUSIONS 
1.  Races  of  fibroblasts  that  are  functionally  distinct  have  been 
isolated from the various tissues and organs of a single chick embryo. 
2.  Functionally distinct races of fibroblasts have also been isolated 
from corresponding parts of embryos of different ages. 
3.  Under the conditions of the experiments, and for the particular 
races of fibroblasts that have been studied, it has not been possible to 
demonstrate a  gradual decrease, or a  gradual increase, in the rate of 
multiplication  of  fibroblasts  obtained  from  corresponding  parts  of 
embryos of gradually increasing ages. 
4.  Experiments  made  on  strains  of  fibroblasts  derived  from  the 
mesonephros and metanephros of a  16  day chick embryo have indi- 
cated that the rate of multiplication of these cells in a given medium 
reflects  the  physiological state,  at  the  moment of  isolation,  of  the 
particular part  of the embryo from which they are obtained. 
5.  The rate of multiplication of a given race of fibroblasts in a par- 
ticular medium does not serve, necessarily, as an index of the age of 
the individual from which the race is derived. 
6.  The functional differences that distinguish the various races of 
fibroblasts are permanent; they are retained by the cells from passage 
to passage indefinitely, despite such attempts as have thus far been 
made to change them. 